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(54) MANUFACTURE OF SEMICONDUCTOR DEVICE 



(57) In a semiconductor circuit device fabricating 
process in which a reduction image projection exposure 
apparatus and an electron beam exposure apparatus 
are in a mixed use in its exposure process, pattern posi- 
tion shift errors for each exposure apparatus are meas- 
ured and corrected at the time of drawing by means of 
an electron beam drawing apparatus, thereby enhanc- 
ing the alignment accuracy. 

First, a pattern for measuring position shifts is 
exposed using a stepper and the electron beam drawing 
apparatus. Then, the position shift errors are measured 
using an identical coordinate position measuring 
device. Accidental errors have been mixed in the meas- 
urement result at this time. On account of this, measure- 
ment data at a certain point are smoothed by taking a 
summation average with data on the periphery thereof, 
thus decreasing influences of_ the accidental errors. 
Moreover, by inverting positive or negative signs of the 
data on the position shift errors, the data are made into 
correction data. Then, the correction data are stored. 
When an exposure is performed by the electron beam 
drawing apparatus with the pattern exposed by the step- 
per as a reference, the correction data for the two appa- 
ratuses are transferred to the electron beam drawing 
apparatus, the two data are added to detected mark 
positions, and at positions after the addition, pattern 
position shifts within a wafer surface are determined. At 
the time of exposure, the exposure is performed at posi- 
tions obtained by subtracting the correction data from 



the determined pattern position shifts. This method 
makes it possible to correct both position shift errors 
within the wafer surface due to the stepper and position 
shift errors due to the electron beam drawing apparatus, 
thus allowing the alignment accuracy to be enhanced. 
Also, this result makes it possible to enhance yield for 
products in the fabricating process. 
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Description 

TECHNICAL FIELD 

i 

5 [0001] The present invention relates to a method of fabricating semiconductor circuit devices, and more particularly, 
to a method of fabricating semiconductor circuit devices which makes it possible to enhance an alignment at the time 
of making, in an exposure method, a mixed use of a reduction image projection exposure by means of ultraviolet rays 
and an electron beam drawing method. 

10 BACKGROUND ART 

[0002] With semiconductor circuit devices being highly integrated, they are getting more and more microminiaturized. 
In particular, in a recent large-scale integrated circuit (LSI), dimensions of interconnections of the devices or a dimen- 
sion of a perforation called a hole, which passes through an interlayer between the devices, have been becoming 0.3 
15 ixm or less. This requires that processes of fabricating the semiconductor circuit devices and apparatuses for fabricating 
thereof also respond to the high integration and the microminiaturization. 

[0003] Of the processes of fabricating the semiconductor circuit devices, in an exposure process in which the reduc- 
tion image projection exposure with ultraviolet rays as a light source has been mainly employed up to now, the response 
to the microminiaturization has been made through an enhancement in the image resolution achieved by wave short- 

20 ening of the light source. Unfortunately, for a dimension of 0.3 ^m or less, even the wave shortening of the light source 
has already approached its limit. Developed accordingly is a technique which aims at exceeding the prior art resolution 
limit through an employment of a phase-shift mask or a modified illumination. For a hole pattern at 0.2 level, how- 
ever, it is difficult to resolve the image with the use of the existing optical exposure techniques. 
[0004] Meanwhile, under study is an employment, at a mass production level, of an exposure method in which an 

25 electron beam is used. The electron beam exposure, which is superior in the image resolution, makes it possible to eas- 
ily form the hole pattern at 0.2 urn level. However, a prior art exposure method by means of the electron beam is an 
exposure method based on so-called a one-stroke drawing in which a spot beam or a variable shaped beam is used. 
This made the throughput 1/1 0th or less as compared with the optical exposure in which a reduction image projection 
exposure apparatus is used, thus decreasing the number of wafer sheets exposed per unit of time. For this reason, the 

30 employment was not common in the mass production fabrication of the LSIs. In recent years, however, an enhancement 
in wafer processing time has been achieved in the electron beam drawing method, too, through development of a 
method such as a cell projection method or a block exposure which allows a range for about 5 angle to be exposed 
at a time. Thus, the employment in the mass production fabrication is under study. 

[0005] Then, performed is a study of a method in which, in the exposure process of the processes of fabricating the 
35 semiconductor circuit devices, a prior art reduction image projection exposure using as a light source i-rays, KrF exci- 
mer laser, and so on and the electron beam exposure are in a mixed use and are selectively employed for each layer, 
thus making it possible to respond to the high integration and the microminiaturization of the semiconductor. In partic- 
ular, a hole layer, the image of which is difficult to resolve by means of light, allows a fewer number of drawing shots to 
be performed in the electron beam exposure as compared with other layers such as interconnections, thus bringing 
40 about a higher throughput. On account of this, from the viewpoint of the productivity, too, it is considered to be effective 
to use the electron beam exposure in the hole layer. 

[0006] There are a plurality of processes in the exposure process of the processes of fabricating the semiconductor 
circuit devices, and patterns are superposed in each exposure process on a wafer so as to form the semiconductor cir- 
cuit devices. Specified is a relative position of upper and lower patterns between the exposed layers. Accuracy of this 

45 relative position is called alignment accuracy, and is defined as a shift quantity from a based reference layer of a pattern 
exposed this time, using as the reference a based pattern exposed and etched already. When making a mixed use of 
light and an electron beam in the exposure processes, even if a problem of the pattern resolution is solved, it remains 
unchanged that the alignment accuracy among the patterns in all layers becomes severer as the dimensions are more 
microminiaturized. Usually, this alignment accuracy is required to be about 1/3rd of a minimum dimension. In the proc- 

50 esses in which the minimum dimension of the patterns is 0.2 jim, the alignment accuracy becomes equal to 0.07 urn or 
less. Since the alignment accuracy depends on the exposure processes, an alignment technique is an important ele- 
ment of the exposure techniques. In an alignment method at the time of the exposure, position of an alignment mark 
exposed and etched in a preceding layer is detected, and values such as a position shift, rotation, and magnification of 
a chip to be exposed are aligned to the based pattern, then performing the exposure. This alignment system is basically 

55 classified into a chip alignment system, in which a mark existing on each chip in a wafer is detected so as to perform 
the exposure for each chip, and a statistical processing alignment system, in which only a predetermined number of 
marks in a wafer are detected so as to determine arrangement information on the chips all over the wafer. 
[0007] JP-A-62-1 4927 is an example in which the alignment accuracy is clearly described concerning the exposure 
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in the mixed use of light and an electron beam. In this example, a lens distortion, which occurs at the time of exposure 
by means of an optical reduction image projection exposure apparatus, is determined, and is corrected at the time of 
exposure by means of an electron beam drawing apparatus. Also, in JP-A-62-229830, a lens distortion, which occurs 
when a test pattern is exposed by the optical reduction image projection exposure apparatus, is measured by the elec- 
5 tron beam drawing apparatus, and the measurement value is stored and corrected by the electron beam drawing appa- 
ratus at the time of drawing an actual pattern, thereby aiming at achieving an enhancement in the alignment accuracy. 
In either of these examples, it is intended that a pattern exposed by the reduction image projection exposure using light, 
is corrected at the time of exposure with the use of the electron beam. 

w DISCLOSURE OF THE INVENTION 

[0008] The alignment accuracy is a summation of errors of pattern positions after exposure from designed positions 
in a layer to become the reference and in a layer exposed, respectively. The errors from the designed positions are 
equal to position shift errors of exposed patterns within a wafer surface. In the above-described prior arts, only a posi- 

15 tion shift error, which is attributed to the lens distortion at the time of exposing a reference layer with light, is detected, 
and afterwards is corrected at the time of the electron beam drawing. For this reason, unit of a domain for the correction 
data was set to be 20 mm angle, i.e. a one-time projection domain by means of the optical reduction image projection 
apparatus, and the correction was made by the electron beam drawing apparatus in harmony with repetition of the pro- 
jections by means of the optical reduction image projection exposure apparatus. Actually, however, 1 ) there is a position 

20 shift error caused by the electron beam drawing apparatus. 2) Concerning the optical reduction image projection expo- 
sure apparatus, too, there is a position shift error other than the lens distortion. Consequently, it is impossible to 



enhance the alignment accuracy unless a correction is made in which the position shift error due to the electron beam 
drawing apparatus and the one due to the optical reduction image projection exposure apparatus are each taken into 
consideration independently. In particular, when employing the statistical processing alignment method as the align- 

25 ment method, it is impossible to correct a position shift error at a position other than an alignment mark position. This *> r fee* 

inevitably results in a decrease in the alignment accuracy. A characteristic of the position shift errors occurring inher- * ^ 

ently in the apparatuses is that they have a comparatively slow variation with reference to the wafer surface. For position 3£ 
variation of 1 mm within the wafer surface, variation quantity of the position shift errors is ± 0.05 urn. - 
[0009] The content of the position shift errors can be classified into an accidental error and a systematic error. Here, / & 

30 the accidental error is in connection with a short time stability of an exposure apparatus. Also, the systematic error is - 
an error having a reproducibility, and has a definite cause. The following three are the typical factors which, of the pat- * 
tern position shift errors, make the systematic error differ depending on the exposure apparatus: ^. ^ 4, 

1 ) Deflection of a wafer owing to a difference in a wafer supporting surface. zv >M> 

35 2) Mirror configuration, nonorthogonality. and nonstraightness of an interferometer on a stage - ~ ^ 

3) Lens distortion in a stepper. : * '* * 

[001 0] Explained below are the above-mentioned three factors for position shift errors due to the systematic error. 
[001 1 ] As shown in FIG. 4, a wafer is exposed in such a state as to be chucked and supported along a chucking sur- w ~ 
40 face of a wafer supporter 9 on a stage in an exposure apparatus. This wafer supporter 9 is called a wafer chuck. The 



wafer supporter 9 supports the wafer by a method of vacuum chucking based on a pressure difference from atmos- 
pheric pressure, or by a method in which, with a dielectric film sandwiched between the wafer and an electrode, an elec- 
tric voltage is applied so as to achieve electrostatic chuck. The exposure apparatus in the optical reduction image 
projection exposure (a stepper) employs, in many cases, the vacuum chucking. An apparatus such as the electron 
45 beam drawing apparatus in which the exposure is performed in vacuum employs the electrostatic chuck. However, 
since the chucking surface is a machined surface in either of the methods, it can not be made into an ideal flat plane. 
Owing to this, it turns out that the wafer is exposed in a configuration with a bending. This bending, as shown in FIG. 4, 
varies positions on a wafer surface, i.e. a surface to be exposed. This position variation quantity is shown in the expres- 
sion 1 . 

50 
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Ax : position variation quantity in an x-direction 

Ay : position variation quantity in a y -direction 

t : wafer thickness 

H : differential value in an X-dif ection 

: differential value in a Y-direction 

For example, when the wafer thickness t is 600 pm and the bending of the wafer produces an inclination that, for a mov- 
ing of 1mm in an x-direction at a point P in the Figure, the descent is 0.1 urn (the differential value in the expression (1) 
is 1 .0x10" ). the position variation Ax of the wafer surface becomes 0.03 urn When the existing exposure process in 
use of only the optical stepper is replaced by an exposure process in a mixed use of the optical stepper and an electron 
beam exposure apparatus, an exposure on a different chucking surface is sure to be performed. On account of this, on 
the occasion when the exposure apparatus differs, the bending of the wafer shown in the above-mentioned embodiment 
also differs depending on the positions within the wafer. Accordingly, even concerning an identical wafer, the pattern 
position shift errors based on the optical stepper and the position shift errors based on the electron beam drawing appa- 
ratus are different values. Also, in the electron beam drawing apparatus, the electrostatic chuck is equipped with a mov- 
able and plate-shaped object called a pallet. In this case, the pallet serves as the wafer supporter. A plurality number 
of pallets are provided with a piece of the apparatus. On account of this, there arises a problem that, on the occasion 
when the pallet differs, too, the pattern position shift errors differ. 

[0012] Explained next is pattern position shift errors owing to an interferometer mirror on the stage. In the exposure 
apparatus, an exposure is performed while moving a stage 31 on which the wafer is mounted. Basically, this stage is 
moved in two orthogonal X and Y axes directions. Concerning the movement stroke at this time, as shown in Fig. 5, 
laser light 33. which is reflected on two mirrors 32 having planes parallel to the movement directions of the stage, is 
made to interfere with laser light reflected on reference mirror surfaces 34, thereby determining, using an interferometer 
35, the distance which the stage has covered. Resolving power of this interferometer is about 0.001 *im to 0.01 urn, 
which is very precise. Also, the mirror surfaces are required to be greater than diameter of the wafer, and thus are 200 
mm or more in length. Although the alignment accuracy is now designed to be about 0.05 urn, it is extremely difficult, 
from the viewpoint of the machining and the fabrication error, to ensure that the nonstraightness due to degree of the 
orthogonality or the deflection is 0.05 urn or less over 200 mm or more of configuration of the mirrors in the exposure 
apparatus. However, configuration enors of these two mirrors, as seen from an exposure example of a straight lines pat- 
tern 36 shown in FIG. 5, become position shift errors. 

[0013] Moreover, in the reduction image projection exposure apparatus, since a pattern on the mask is projected 
using an optical lens, even if the pattern on the mask is ideally formed without error, there occurs a distortion on the 
exposed surface because of an aberration of the lens. The lens distortion is a position shift error which does not exist 
in the electron beam drawing apparatus, and thus becomes an alignment error immediately without any change in the 
case of the mixed use of light and an electron beam. This quantity is equal to 0.04 urn or more in an existing stepper 
the exposure domain of which is 22 mm angle. 

[001 4] As seen from the above, it is obvious that, in the exposure in the mixed use of a stepper and an electron beam, 
a systematic error out of the pattern position shift errors differs for each apparatus or for each wafer supporter. Further- 
more, an accidental error share other than the above-mentioned systematic error share are added to position shift 
errors after an actual exposure, and thus a distribution of the alignment error after drawing becomes even more com- 
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plicated. This makes It difficult to estimate the systematic error by the cause, and separate and correct it. 
[001 5] The explanation will be given below concerning a process of a decrease in the alignment accuracy due to the 
pattern position shift errors. Assumed here is a process in which a pattern exposed by the stepper is taken as a refer- 
ence of a based layer, and an upper layer therefor is exposed by the electron beam drawing apparatus. The alignment 

5 is performed by the statistical processing alignment system with a high throughput. This statistical processing alignment 
is a system in which mark positions of points which are 5 to 50 in number within the wafer are detected so as to deter- 
mine all the exposure positions within the wafer with the use of the position data. Indicated below, using FIG. 1 1(a), is 
an example of the statistical processing alignment. Marks 55, which are as illustrated in FIG. 1 1(a) and formed in the 
based layer within the wafer, are detected, differences (AXi, AYj) (1 sj^N, 1^N, i, j are integers) between coordinates 

w of these detection data (Xi, Yj) (1 ^i^N 1^N, i, j are integers) and design data coordinates (Xdi, Ydj) are created, unde- 
termined coefficients aO to a3, and bO to b3 shown in the expressions 2 to 3 are determined using a least-squares 
method, and the expressions 4 to 5 representing pattern position coordinates at the time of exposure are determined 
using the design coordinates. 

'5 AXi=Xi-Xdi=a0+a1 • Xi+a2 • Yj+a3 • Xi • Y (2) 

AYj=Yi-Ydi=b0+b1 • Xi+b2 • Yj+b3 • Xi • Y (3) 
X=AX+Xd=aO+a1 • X+a2 • Y+a3 • X • Y+ (4) 

20 

Y= AY +Yd=bO+b 1 • X+b2 • Y+a3 • X • Y+Yd (5) 

Then, at the time of exposure, the exposure position coordinates (X.Y) are calculated from each pattern design coordi- 
nate with the use of these expressions 4 and 5, then performing the exposure. However, the mark detection data coor- 
ds dinates are in a state in which a summation is made between pattern position shift errors at the time of forming the 
based marks and pattern position shift errors in the electron beam drawing apparatus at the time of detecting the marks. 
On account of this, as shown by broken lines in FIG. 1 1 (b), the coordinates within the wafer surface based on the 
expressions 4 and 5 contain arrangement errors. Furthermore, pattern position shift errors at points other than the 
points at which the marks are detected exist regardless of the expressions 4 and 5. From the above-mentioned expla- 
30 nation, it is obvious that an alignment accuracy of a pattern exposed in this state is decreased. 

[0016] In particular, even if a stepper and an electron beam exposure apparatus, which are applied to a process in 
which the pattern minimum dimension is 0.2 urn, respectively perform the alignment using as a reference marks which 
they themselves form and thus alignment accuracy at the time of exposure has become 0.07 urn or less, i.e. a require- 
ment therefor, the above-described reasons, at the time of exposure in the mixed use, prevent the requirement for the 
35 alignment accuracy from being satisfied. 

[0017] As described above, it is an object of the present invention to provide a method of fabricating semiconductor 
circuit devices which, by making a mixed use of the reduction image projection exposure using light and the exposure 
method using an electron beam, makes it possible to eliminate the apparatus-by-apparatus differences in pattern posi- 
tion shift errors within a wafer surface which arise when the semiconductor circuit devices are fabricated, thus enhanc- 
40 ing the alignment accuracy. In particular, the present invention provides a means which is effective when, taking as a 
reference a pattern exposed by the optical reduction image projection exposure apparatus mainly employed in an actual 
semiconductor fabricating process, an upper layer therefor is exposed to a pattern by the electron beam drawing appa- 
ratus. 

[0018] The above-described problem can be solved by the following means. 

45 [001 9] In the reduction image projection exposure by means of light, a range of about 10 mm to 20 mm angle is usu- 
ally exposed at a one-time exposure. The one-time exposure at this time allows only the rotation and the magnification 
to be corrected. In the electron beam drawing apparatus, however, a one-time exposure referred to as a shot is at most 
about 5 fim angle, and positions of ail shots are determined tor each tirne by a deflector. This makes it possible to cor- 
rect a beam irradiation position for each shot. Then, employed in this invention is a means in which a pattern position 

so shift error within the wafer surface is measured for each exposure apparatus or for each wafer supporter in the electron 
beam drawing apparatus, a value obtained by inverting the positive or negative sign is stored as correction data at the 
point, and is corrected at the time of exposure with an electron beam, thereby decreasing the pattern position shift 
errors caused by the apparatuses. As a result, it becomes possible to enhance the alignment accuracy. 
[0020] In order to embody the method in the present invention, the following procedure is needed. First, using all the 

55 exposure apparatuses in the process including the optical stepper and the electron beam drawing apparatus, two- 
points mark positions 56 provided in advance are taken as references and a lot of patterns are exposed with a fixed 
spacing within the wafer surface (FIG. 6(a)). Although the marks 56 provided in advance are references for aligning 
rotation of the wafer with shift thereof at the times of the exposure and the coordinate measurement later, position rela- 
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tionship between the marks need not be clear. Then, using one unit of coordinate measuring device, all the pattern posi- 
tions created by each exposure apparatus are measured. Then, by making measurement values of the pattern 
positions created by each exposure apparatus correspond to the pattern design coordinates, shift quantities from the 
positions are determined. Position shift errors are the shift quantities from the pattern design data at the time of the 

5 measurement made by the coordinate measuring device. At this time, rotation of the wafer between each exposure 
apparatus and the coordinate measuring device is ensured by the positions of the two-points mark positions provided 
in advance. Then, a position shift error at a certain point is smoothed by points on the periphery thereof, and is made 
into correction data by inverting the positive or negative sign of the smoothed error value at each point, then storing this. 
Then, correction data in the stepper, which is used for pattern formation of the based layer as a reference, are trans- 

10 ferred to the electron beam drawing apparatus. In the electron beam drawing apparatus, an alignment operation is per- 
formed prior to the exposure. A mark position detected by the alignment operation has become equal to a value 
obtained by adding to the actual position a position error caused by the stepper and a position error caused by the elec- 
tron beam. Thus, added to the detected mark positions are a correction value of the pattern position shift error due to 
the stepper and a correction value of the pattern position shift error due to the electron beam drawing apparatus, Since 

15 data after the addition contain no position shift errors caused by the exposure apparatuses, the arrangement between 
each point becomes positions based on the design data. Thus, with reference to these mark positions after the addition, 
positions of all the patterns to he exposed are determined using the expressions (2) to (5). Then, at the time of exposure 
by means of an actual electron beam, the correction data share for the stepper and the electron beam drawing appara- 
tus are subtracted for all the exposure patterns, and a position of each exposure pattern is aligned with a position of an 

20 actual based pattern on the electron beam drawing apparatus, then performing the exposure. 

[0021] The application of the above-described method, even when making a mixed use of the reduction image pro- 
jection exposure by means of the stepper and the electron beam drawing apparatus in a semiconductor fabricating 
process, makes it possible to provide an exposure method which satisfies the image resolution and the alignment accu- 
racy even for a pattern of 0.2 urn or less. Moreover, although the three factors for the alignment error are indicated in 

25 the problem, these are representative ones and the method in the present invention makes it possible to correct all the 
systematic errors other than these which are attributed to a decrease in the alignment accuracy. 

BRIEF DESCRIPTION OF THE DRAWINGS 

30 [0022] 



FIG. 1 shows a semiconductor device fabricating method in the present invention; 
FIG. 2 shows an example of a form of measurement data on pattern position shifts; 

FIG. 3 shows an example of measurement data form of pattern position shifts at a certain point and on the periph- 
35 ery thereof; 

FIG. 4 is a diagram for illustrating position shifts within a wafer due to configuration of a chucking surface; 

FIG. 5 is a diagram for showing that an exposure apparatus XY stage and an interferometer mirror cause position 

shifts; 

FIG. 6 are diagrams for showing pattern positions for measuring position shifts within a wafer and a distribution of 
40 position shift errors; 

FIG. 7 are diagrams for showing a method of correcting position shifts at the time of a statistical processing align- 
ment according to a method in the present invention; 

FIG. 8 shows a construction of an electron beam drawing apparatus for embodying the semiconductor device fab- 
ricating method in the present invention; 
45 FIG. 9 shows a control unit within the electron beam drawing apparatus for embodying the semiconductor device 
fabricating method in the present invention; 

FIG. 10 shows a semiconductor device fabricating method in the present invention; and 

FIG. 1 1 are diagrams for explaining mark coordinate positions within a wafer at the time of a statistical processing 
alignment. 

50 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0023] An object of the present invention is to provide an exposure method which, even when making a mixed use of 
the reduction image projection exposure by means of the stepper and the electron beam drawing apparatus in a semi- 
55 conductor fabricating process, satisfies the image resolution and the alignment accuracy even for a pattern of 0 2 urn 
or less. 

[0024] Explained concretely below, using the drawings, is a semiconductor circuit device fabricating method in the 
present invention. 
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[0025] FIG. 1 is a diagram for showing a flow of the semiconductor device fabricating method in the present invention. 
First, using both an optical reduction image projection exposure apparatus (a stepper) and an electron beam drawing 
apparatus, which are employed in a semiconductor fabricating process, a pattern for position shift measurement is 
exposed (FIG. 1 : step(a)). At this time, taking as references the two-points mark positions 56. which are shown in FIG. 

5 6(a) and provided in advance, the pattern is exposed using coordinates of the exposure apparatuses. FIG. 6(a) shows 
location on design of the pattern to be exposed. This pattern is a pattern in which marks 51 , the position shifts of which 
are measurable within a wafer surface, are located with a fixed spacing in a lattice-like form. The marks 51 are located 
at all points at which the straight lines intersect with each other within a wafer 5. At this time, an exposure by means of 
the stepper necessitates a mask. i.e. an original drawing of the pattern. Position errors of a pattern within the mask are 

70 superimposed as systematic errors on measurement after the exposure. However, since position shift accuracy of the 
pattern within the mask is about 0.04 um ail over the surface of a 0.2 nm-pattern mask on which there are patterns over 
a domain of 120 mm angle and at the same time the position shift accuracy is reduced/projected down to 1/5th by the 
stepper, it is smaller as compared with the alignment accuracy of 0.07 ^m and thus negligible. 
[0026] Moreover, after developing and further etching wafers exposed by each of the exposure apparatuses, coordi- 

75 nate measurement is performed concerning all the mark positions for every wafer, using one unit of coordinate meas- 
uring apparatus as a reference (FIG. 1 : step(b)). In the coordinate measurement at this time, rotations and positions of 
the wafers are aligned using the two-points mark positions 56 shown in FIG. 6(a). From this measurement result, the 
position shift errors can be determined. Illustrated in FIG. 6(b) is an example of a distribution of the position shift errors. 
In FIG. 6(b). an example of measurement result of NxxNy-points marks within a wafer is indicated by heavy lines as 

so shifts from positions at the time of the pattern design. FIG. 2 shows this measurement result, letting the position shift 
errors be (AXI.m, AYI.m) in correspondence with NxxNy-points mark design coordinates (XI, Ym) (islsNx, l^m^Ny : I. 
m are integers) existing within the wafer. 

[0027] Added to this measurement result are position shift errors which the apparatuses have when a wafer is 
exposed to the marks and position shift errors which the coordinate measuring device has. This, however, gives no 

25 problem because the measuring device used now has a one-order higher performance in the position measurement 
accuracy as compared with the values of the position shifts regarded as a problem in the present invention. 
[0028] Also, the position shift measurement data (AXI.m, AYI.m) at the NxxNy-points contain components of both sys- 
tematic errors and accidental errors in the pattern position shift errors by means of the exposure apparatuses. The 
present invention, by correcting the systematic errors out of these, aims at improving alignment accuracy in the mixed 

30 use of the stepper and the electron beam drawing apparatus. On account of this, it is desirable not to include the acci- 
dental errors in data for the correction of the systematic errors. Then, by employing a method shown in FIG. 3 and in 
the expressions 6 and 7. the position shift correction data are smoothed, thereby performing reductions in the acciden- 
tal errors, "mis is because the accidental errors have variations among measurement data on the periphery. The sys- 
tematic errors, however, are attributed to habits characteristic of the apparatuses, depend on the pattern position, and 

35 have a reproducibility. Owing to this, the variations among data on the periphery are small. Thus, by performing the 
smoothing together with the data on the periphery, it becomes possible to reduce influences of the accidental errors and 
extract only the systematic errors. 
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[0029] In an example in FIG. 3, for position shift data (AXSIm, AYSIm) at a coordinate (XI, Ym), the smoothing is per- 
30 formed with the use of position shift measurement data at the point and at 8 points on the periphery, thus creating 
smoothed position shift data (AXSIm, AYSIm) (FIG. 1 : step(c)). ~ 
[0030] Then, as shown in the expressions 8 and 9, by inverting the positive or negative sign of this smoothed position 
shift data (AXSIm, AYSIm), the data is made into position shift correction data (AXCIm, AYCIm) at the coordinate (XI, 
Ym) (FIG. 1 : step(d)). The step(c) and the step(d) are calculated by a calculating machine within each exposure appa- 
35 ratus to which the coordinate measuring device transfers the position shift data, or by a calculating machine capable of 
transferring the data from or to each exposure apparatus. 



AXC£m - - &XS(,m ( 8 ) 

A YCtm - - A YS£,m ( 9) 



[0031] The coordinate (XI, Ym) of each point and the position shift correction data (AXCIm, AYCIm) corresponding 
thereto are stored by each exposure apparatus in the fabricating steps, or are transferred so as to be stored to a com- 
puter which controls the steps and is capable of carrying out data communication with each exposure apparatus (FIG 
1 : step(e)). 

so [0032] Described next is a correcting method and an effect thereof for alignment accuracy in the present invention at 
the time when a mark pattern formed by the stepper is taken as a reference and an upper layer therefor is exposed to 
the pattern by the electron beam drawing apparatus. 

[0033] First, position shift correction data Sa (XI, Ym, AXCalm, AYCal) (1 m\*Nx t 1*m*Ny : I, m are integers) for the 
stepper and position shift correction data Sb (XI. Ym, AXCblm. AYCWm) for the electron beam drawing apparatus used 
55 at the exposure this time are transferred to a controlling calculating machine in the electron beam drawing apparatus. 
[0034] Employed at the exposure step is a statistical processing alignment which needs less time. Namely, in an 
example as shown in FIG. 7(a). positions of 9 alignment marks 55, which have been exposed by the stepper and made 
into a pattern, are detected (FIG. 1 : step(f)). At this time. (Xa", Ya") ~ (Xi", Yi"), i.e. coordinates of mark positions (A" 
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~ I") detected by the electron beam drawing apparatus, as shown in FIG. 7(b), differ from (Xa, Ya) - (Xi, Yi), i.e. coor- 
dinates of mark positions (A - I) determined from the pattern design values. This is because they contain both position 
shifts which occur in the stepper when the marks are formed and position shifts which occur in the electron beam draw- 
ing apparatus used at the exposure this time. Accordingly, in the electron beam drawing apparatus, values correspond- 

5 ing to the measured mark positions are read out from the position shift correction data Sb (AXCblm, AYCblm) and the 
position shift correction data Sa (AxCalm, AYCal) for the stepper, and to each of the mark positions, corresponding posi- 
tion shift correction values are added (FIG. 1 : step(g)). Illustrated in FIG. 6(c) is the way in which the position shift cor- 
rection values are added. Here, a point P M represents the points (A" - I") and a point P represents the mark positions 
(A ~ I) at the time of the pattern design. Moreover, (AXCbp", AYCbp"), i.e. position shift correction values for the electron 

w beam drawing apparatus at the point P are indicated as a vector in a broken line. Consequently, a point P' is a position 
for which the position shifts occurring in the electron beam drawing apparatus have been corrected. Furthermore, 
(AXCap', AYCap'), i.e. position shift correction values which occur in the stepper when the marks are formed, are indi- 
cated as a vector in a full line. Theoretically, performing such corrections makes it possible to bring the points A" ~ I" 
back to the mark position shifts (A ~ I) at the time of the pattern design. Actually, employed are coordinates obtained by 

is adding to the detected mark positions the position shift correction values for both the stepper and the electron beam 
drawing apparatus. Then, using the expressions 2 to 5 with the position coordinates to which the position shift errors by 
these two apparatuses have been added, approximate polynomials by the least-squares approximation are created, 
thus deriving expressions representing coordinates within the wafer at the time of exposure. Then, the expressions 4 
and 5 determine values such as central positions, rotations, and magnifications of semiconductor device chips to be 

20 exposed within the wafer surface. Pattern location determined at this time, as shown by dotted lines in FIG. 12, turns 
out to be a location close to the design data which contain no position shifts characteristic of the stepper and the elec- 
tron beam drawing apparatus. A series of operations described above are executed by the controlling calculating 
machine in the electron beam drawing apparatus. 

[0035] After the operations comes an exposure by means of the electron beam. Instead of exposing the pattern as 

25 the location shown by dotted lines in FIG. 12, the position shift correction values in the electron beam drawing appara- 
tus, i.e. (AXCbp M . AYCbp"), and the position shift correction values which occur in the stepper, i.e. (AXCap'. AYCap), 
are subtracted at all the drawing positions of the pattern. Such a subtraction, just like an example shown by a black cir- 
cle in FIG. 12, makes it possible to make a drawing at a position corresponding to the position shifts which the electron 
beam and the stepper produce at the point. 

30 [0036] Explained below, using FIG. 8, is a method of correcting a drawing position at this time within the drawing appa- 
ratus. In a drawing apparatus shown in FIG. 8. data, such as drawing pattern data and position shift correction data, are 
stored in a main storage unit in a computer. This drawing apparatus obeys a system in which the drawing is performed 
with a stage being moved continuously. On account of this, a tracking absolute calibrating unit, i.e. one of control circuits 
in the drawing apparatus, calculates and outputs, in real time, calculation blanking, shaping deflection quantity, main 

35 deflection quantity, and sub-deflection quantity, using stage coordinate data from a laser interferometer and data from 
a graphics decomposition unit. Prior to the drawing, out of the position shift correction data stored in the main storage 
unit in the computer, after inverting positive or negative signs of the position shift correction data Sa (AX Calm, AYCalm) 
for the stepper and the position shift correction data Sb (AXCblm, AYCblm) for the electron beam drawing apparatus 
used at the exposure this time, they are added and then transferred to a position shift correction data memory. In the 

40 drawing, the drawing pattern data are first transferred to a pattern memory and converted into deflection central coor- 
dinate data and drawing pattern data for each shot through a restoration/graphics decomposition unit. The drawing data 
are sent to tracking absolute proofreading data. FIG. 9 shows a detailed configuration of the tracking absolute calibrat- 
ing unit. In the position shift correcting method in the present invention, next stage coordinates (tracking coordinate 
data) are sent to a position shift correction memory within this tracking controller so as to output position shift correction 

45 data ( AXCIm, AYCIm) corresponding to the stage coordinates. The position shift correction data (AXCIm, AYCim) output 
same data unless the stage coordinates exceed either of X 1+1, Y m+1. The outputted position shift correction data, 
which are added to stage tracking quantity in the tracking controller, become tracking correction quantity. Furthermore, 
the tracking correction quantity, which is added to deflection quantity of an auxiliary deflector, becomes irradiation posi- 
tion of a beam the position shift correction of which has been made. 

so [0037] Indicated next is an embodiment in which the fabricating method in the present invention is applied to an actual 
fabrication of semiconductor devices. 

[0038] FIG. 1 0(a) - FIG. 1 0(d) are cross sectional views of circuit devices illustrating an actual circuit device fabricat- 
ing processes using the semiconductor circuit device fabricating method in the present invention. Formed on a N-type 
silicon substrate 115, in an ordinary method and by means of optical exposure using the reduction image projection 
55 exposure apparatus, are a P well layer 1 16. a P layer 1 17. a field oxide film 118. polycrystal silicon/silicon oxide film 
gates 119, a P high concentration diffusion layer 120, a N high concentration diffusion layer 121, and so on (FIG. 10A). 
At this time, an alignment mark 100 at the time of next layer exposure is formed simultaneously. Next, an insulating film 
122 made of phosphosilicate glass (PSG) is deposited. Resist 123 is coated thereon, and an alignment is performed 
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with the alignment mark 100 as a reference with the use of the electron beam drawing apparatus in the above-men- 
tioned methoc rhus exposing and forming a hole pattern 124 (FIG. 10B). At this time, a pattern 101 for an alignment 
mark at the tirre of next layer exposure is formed simultaneously. Next, with the resist as a mask, dry etching of the insu- 
lating film 1 22 is performed so as to form a contact hole 1 25 (FIG. 1 0C). At this time, an alignment mark 102 at the time 

5 of next layer exposure is formed simultaneously. Next, a VWTiN thin film is deposited, and after resist is coated thereon, 
a resist pattern is formed by performing an exposure with the alignment mark 102 as a reference by means of optical 
exposure using the reduction image projection exposure apparatus, and then a W/TiN electrode interconnection 126 is 
formed by a successive dry etching. At this time, an alignment mark 103 at the time of next layer exposure is formed 
simultaneously. Next, an interlayer insulating film 127 is formed. Next, resist is coated, and an exposure is performed 

70 with the alignment mark 103 as a reference with the use of the electron beam drawing apparatus, thus forming a hole 
pattern 128. W plague is buried inside the hole pattern 128, and is connected with an Al second' interconnection 129 
(FIG. 10D). Concerning a passivation process thereinafter, a prior art method is employed. Incidentally, although only 
the main fabricating processes are explained in the present embodiment, except that the electron beam drawing appa- 
ratus is employed in the exposure process for forming the contact hole, the same process as the case using a conven- 

15 tionally performed optical exposure is employed. Also, concerning the reduction image projection exposure apparatus, 
an identical apparatus is always employed in order to make the alignment accuracy as high as possible. The above- 
described processes make it possible to fabricate CMOSLSIs with a high yield. Semiconductor apparatuses were fab- 
ricated by the exposure method in the present invention, and as a result, it has been found that a hole pattern the 
dimension of which is 0.25 urn can be exposed with an excellent image resolution and the alignment accuracy is 0.07 

20 nm or less. This consequence has tremendously enhanced an acceptable item yield for the products. 

[0039] When an exposure is performed using the method in the present invention, in particular, in the alignment expo- 
sure using the statistical processing alignment method, an alignment is carried out by eliminating position shift errors 
caused by both the stepper and the electron beam drawing apparatus from mark positions detected by the electron 
beam drawing apparatus. On account of this, the position shift errors caused by the electron beam drawing apparatus 

25 were exposed without being corrected at positions at which the alignment is not earned out, thus resulting in a decrease 
in the alignment accuracy. Further, the above-described method in the present invention was employed so as to pre- 
cisely grasp the position shifts within a wafer surface for each exposure apparatus, and then the correction was per- 
formed using the electron beam drawing apparatus. This has made it possible to accomplish an enhancement in the 
alignment accuracy even in a semiconductor fabricating process in which the mixed use of the stepper and the electron 

30 beam drawing apparatus is made. 



Claims 

1 . A method of fabricating a semiconductor device, comprising: 

35 

a first exposure step of irradiating a mask with light from a light source so as to expose a pattern from the mask 
to a substrate; 

a second exposure step of exposing said pattern to the resulting substrate with the use of an electron beam; 
a first measurement step of measuring a predetermined coordinate position in the pattern formed at said first 
40 exposure step; 

a second measurement step of measuring a predetermined coordinate position in the pattern formed at said 
second exposure step; 

a step of comparing the coordinate position measured at the first measurement step with a design position in 
said pattern so as to determine a first error quantity; 
45 a step of comparing the coordinate position measured at the second measurement step with the design posi- 

tion of said pattern so as to determine a second error quantity; and 

drawing with exposure data on said electron beam corrected by said first error quantity and said second error 
quantity. 



2. A method of fabricating a semiconductor device as claimed in Claim 1 , wherein said first and second error quanti- 
ties are stored. 



3. A method of fabricating a semiconductor device as claimed in Claim 1 , wherein, in the exposure step with the use 
of the electron beam, 

the exposure is performed by making a correction in which, through the use of storage data, position shifts 
in a based pattern storing the measured coordinate position and position shifts occurring at the time of the expo- 
sure are simultaneously taken into consideration. 
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4. A method of fabricating a semiconductor device as claimed in Claim 1 or Claim 2, wherein, in said correction, pat- 
tern position shifts within a wafer for each of exposure apparatuses or for each wafer supporter in the exposure 
apparatuses are measured in advance at a plurality of points, position shift quantity at each point is smoothed using 
position shift data at the point and position shift data at points on the periphery thereof so as to be made into posi- 

5 tion correction quantity, and then the position correction quantity is stored. 

5. A method of fabricating a semiconductor device as claimed in one of Claim 1 to Claim 4, wherein, in said correction, 
the smoothing of the position shift quantity at each point by use of the position shift data at the point and the position 
shift data at the points on the periphery thereof is performed by a summation average. 

10 

6. A method of fabricating a semiconductor device as claimed in one of Claims 1 to Claim 4, wherein the position shift 
data on the pattern are capable of being transferred between the exposure apparatuses or between an exposure 
apparatus and a coordinate measuring device. 

is 7. A semiconductor device fabricating equipment which makes possible the methods described in one of Claims 1 to 
5. 
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FIG. 2 
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FIG. 3 
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FIG. 4 
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FIG. 5 
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FIG. 7 
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FIG. 10 
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FIG. 12 
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